Transient Ca2+ overload alters Ca2+ handling in rat cardiomyocytes: effects on shortening and relaxation.
Transient Ca2+ overload in cardiomyocytes occurs during pathophysiological conditions. The aim of the present study was to investigate the effects of transient Ca2+ overload on shortening and relaxation in isolated rat cardiomyocytes electrically stimulated at 0.5 Hz and to examine whether transient Ca2+ overload induces alterations in Ca2+ handling and myofilament sensitivity. Fractional shortening and shortening velocity fell to 79 +/- 5% (P < 0.05) and 78 +/- 4% (P < 0.01) 2 min after exposure to high Ca2+. A transient decrease in resting length, a reduction in relaxation velocity to 86 +/- 7% (P < 0.05), and a prolonged time of relaxation with 8.3 +/- 4.3% (P < 0.05) were also observed. Systolic fluorescence ratio using fura 2 as the Ca2+ indicator fell by 11.0%, and the decline of the fluorescence ratio was prolonged by 29.8%. By applying caffeine, we observed a significant reduction in sarcoplasmic reticulum Ca2+ content after transient Ca2+ overload. A significant reduction in myofilament sensitivity was also observed. In conclusion, the systolic dysfunction observed after transient Ca2+ overload is the result of both decreased systolic Ca2+ and reduced myofilament sensitivity. The relaxation abnormalities are most likely caused by altered Ca2+ handling, since we observed a reduction in the sarcoplasmic reticulum Ca2+ content and a prolongation of the decline of the fura 2 transient.